Objective: To analyze the surgical outcomes of patients who underwent 1-level, 2-level, and 3-level anterior cervical discectomy and fusion (ACDF). Methods: We retrospectively assessed 182 patients with symptomatic cervical degenerative disease who underwent ACDF with allograft and a plate at our institution between January 2012 and March 2014. After only including patients with a >24 month follow-up, 142 fulfilled our inclusion criteria (71 underwent 1-level, 46 underwent 2-level, and 25 underwent 3-level ACDF). The assessment tools included the Short Form-36 (SF-36), Neck Disability Index (NDI), and visual analog scale (VAS). The fusion status was measured by radiography at 24 months postoperatively. Statistical analyses were performed with SPSS version 20.0. Results: The fusion rate was 84% in the 3-level group, 98.6% in the 1-level group, and 97.8% in the 2-level (p=0.017). There was a significant difference between 2-level vs. 3-level ACDF (p=0.049). Complications occurred in 4 (16%) patients of the 3-level group, 2 (2.8%) patients of the 1-level group, and 1 (2.2%) patient of the 2-level group (p=0.030). The subsidence rate was significantly higher in the 3-level group than in the other 2 groups (52%, p=0.047). Significant differences were observed between groups in terms of the NDI and SF-36 at the last follow-up (p=0.040 and p=0.046, respectively). Conclusion: The surgical outcome of the 3-level ACDF group was worse than that of the 1-level or 2-level ACDF groups, which was indicated by the lower fusion rate, higher complication rate, and higher subsidence rate.
INTRODUCTION
Anterior cervical discectomy and fusion (ACDF) has been the gold standard treatment for degenerative cervical diseases since its introduction by Smith and Robinson 2) . Most surgeons believe that ACDF represents the surgical standard of care. This technique is widely used to treat various diseases, such as traumatic cord injuries, degenerative radiculopathy, and myelopathy 2) . In addition, clinical and radiographic outcomes following ACDF have been well established in the literature 13) . Remarkable studies have reported good fusion rates and excellent clinical outcomes 11, 13) . However, several studies have reported higher frequencies of overall complications and reoperation rates of ACDF procedures, especially in patients with multilevel diseases 5, 6, 9, 12) . Veeravagu et al. 13) reported that patients who underwent greater than 2-level ACDF were more likely to require revision than those who with two-level ACDF or less. Similarly, the risk of any complication or the need for readmission was also greater in patients who underwent greater than 2-level ACDF procedures 12) . According to previous studies and our experience, we assumed that unlike 1-level or 2-level ACDF, there would be a clear difference in 3-level ACDF. However, to the best of our knowledge, no study has compared 3-level ACDF with 2-level and 1-level ACDF. Therefore, we investigated the demographic characteristics, clinical outcomes, complications, revision rates, fusion rates, and subsidence rates in patients undergoing 1-level to 3-level ACDF procedures with a minimum 2-year follow-up. The purpose of this study was to analyze the surgical outcomes of patients who underwent 1-level, 2-level, and 3-level ACDF.
MATERIALS AND METHODS

Subjects
We retrospectively assessed 182 patients with symptomatic Yu BS et al.
The Nerve 3(2) October 2017 33 cervical degenerative disease who underwent ACDF with a cage-plate device from January 2012 to March 2014 at our institution. Informed consent was obtained or waived from all patient. Patients were divided into 3 groups: 1-level, 2-level, and 3-level ACDF. Inclusion criterion was patients older than 18 years undergoing 1-level, 2-level, or 3-level ACDF with interbody grafting with allograft and anterior cervical plating. Exclusion criteria were (1) patients with a history of previous cervical spine operation (e.g., ACDF with autograft or a cage, a procedure due to cervical trauma, spinal cord tumor resection, or primary spondylodiscitis, anterior cervical corpectomy, and combined surgery) (n=5); (2) patients diagnosed as having ossification of the posterior longitudinal ligament (n=15); and (3) patients with less than 24 months of follow-up (n=10).
Demographic characteristics and comorbidities of all patients were collected by medical record review. Demographic characteristics of interest included age, sex, comorbidities, and presenting symptoms. Comorbidities of interest were the presence of hypertension, diabetes, heart disease, kidney disease, thyroid disease, and liver disease or brain disease.
A standard Smith-Robinson approach was used to access the disc space, and typical discectomy, decompression of neural structures, and removal of osteophytes was performed.
Outcome Assessment
Outcome variables were obtained from clinic notes at 3, 12, and 24 months and at the last available follow-up for each patient. Measured outcomes included the Neck Disability Index (NDI), visual analog scale (VAS) for neck and arm pain, and Short Form-36 (SF-36)-item health survey. Mental composite score (MCS) and Physical composite score (PCS). A mean change in the scores was determined from the most symptomatic arm preoperatively through the last follow-up. Intraoperative data, including the fusion levels, operation time (hr), and estimated blood loss (EBL) (cc), were collected from the operative records.
Radiological Assessment
Bony fusion was assessed at follow-up visits (3, 12 , and 24 months) postoperatively through a combination of conventional radiographs and 3-dimensional computed tomography scans. Visualization of trabecular bridging on the bone-graft interface and the absence of radiolucent gaps between the endplate and graft were assessed. Subsidence was assessed by comparing radiographs immediately postoperatively (within 1 week) with those at the final follow-up. The subsidence rate was defined as a decrease in 2 mm or more of the superior and inferior parts of the cage into the vertebral body from that measured on the postoperative radiograph. Adjacent segment disease (ASD) was defined as clinically symptomatic radiographic degeneration of the adjacent segment.
Statistical Analysis
One-way analysis of variance was used to identify a significant difference in variables among the 3 groups. Post hoc analysis among the 3 groups was performed using the Bonferroni corrected p-value. Cross tabulation tables were analyzed using the Fisher exact and Pearson chi-square test. A p-value <0.05 was used a threshold for statistical significance. All statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Demographic Characteristics
Sex, age, comorbidities, and presenting symptoms were similar among the 1-level, 2-level, and 3-level ACDF groups ( Table 1 ). The average duration of follow-up for all the groups was slightly more than 2 years. There was a significant difference in the treated level, because the number of levels included in the 3-level ACDF group was high.
Surgical Outcomes
Compared with 2-level and 3-level ACDF, 1-level ACDF was associated with a statistically significantly lower operative time and EBL (Table 2 ). Additionally, 2-level ACDF was associated with a significantly lower operative time and EBL than 3-level ACDF. The length of hospital stay was also significantly different among the 3 groups. A longer ACDF procedure resulted in a higher EBL and longer length of hospital stay. Complications occurred in 4 patients of the 3-level ACDF group, 2 patients of the 1-level ACDF group, and 1 patient of the 2-level ACDF group. Major complications (i.e., screw pullout and deep wound infection) occurred in 2 patients in the 3-level ACDF group; minor complications occurred in the other 2 groups (Fig. 1) . Overall, complications were significantly highest in the 3-level ACDF group (16%; p=0.03).
The preoperative and last follow-up VAS scores were not significantly different among the 3 groups (p=0.698) ( Table 3 ). The mean scores improved significantly by the last follow-up in all groups. The mean difference in the VAS score between the preoperative period and last follow-up was highest in the 2-level ACDF group (-5.2±2.1, p<0.05).
Preoperative NDI scores were not significantly different among the 1-level, 2-level, and 3-level ACDF groups (28.8, 26.8, and 27.0, respectively; p=0.71). At the last follow-up, the NDI score improved significantly in all groups (p<0.001). There was no significant difference in the NDI score at the last follow-up between the 1-level ACDF group and 2-level ACDF group (p= 0.390). However, there was a significant difference between the 2-level ACDF group and 3-level ACDF group (p=0.005), and between the 1-level ACDF group and 3-level ACDF group (p= 0.04) at the last follow-up. The mean difference in the NDI score between the preoperative and last follow-up was lower in the 3-level ACDF group than in the other 2 groups. Our results showed that SF-36 PCSs in the 1-level ACDF group increased from 56.6 to 67.6, and these scores in the 2-level ACDF group increased from 53.7 to 63.5. The SF-36 PCS in the 3-level ACDF group increased from 59.0 to 62.0, but this was not significant improvement. However, 1-level and 2-level ACDF groups had a significant improvement in the SF-36 PCS at the last follow-up (p<0.001). There was a significant difference in the SF-36 PCSs among the 3 groups at the last follow-up. Moreover, SF-36 MCSs for patients who underwent 1-level ACDF increased from 54.9 to 63.6, whereas these scores for patients who underwent 2-level ACDF increased from 54.8 to 60.6.
The SF-36 MCS for 3-level ACDF increased from 58.8 to 61.9, but this was not significant improvement. There was no difference in the amount of improvement from the preoperative SF36-MCS/PCS scores reported by patients who underwent 3-level ACDF.
Radiological Outcome
There were 19 patients (26.8%) in the 1-level ACDF group, 12 (26.1%) in the 2-level ACDF group, and 13 (52%) in the 3-level ACDF group with subsidence (Table 4 , Fig. 2 ). There were significant differences between the groups (p=0.047) ( Table 4 ). The fusion rates were 98.6% for 1-level ACDF, 97.8% for 2-level ACDF, and 84.0% for 3-level ACDF (p=0.017, Fisher exact test). There were significant differences among the groups. ASD was assessed separately at the superior and inferior levels adjacent to the operated segment. There were 3 patients (4.2%)
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DISCUSSION
This study created a unique opportunity to compare outcomes of patients undergoing 1-level vs. 2-level vs. 3-level ACDF with 2-year follow-up. The comparison of demographic characteristics found that the 3 groups were similar. Significant difference in the quality of life or incidence of complications was reported between the patients. The fusion rate and sub- Fig. 2 . Surgical outcomes for all groups. There is a significantly high incidence of complications and high subsidence rate in the 3-level anterior cervical discectomy and fusion (ACDF) group. A significantly lower fusion rate is observed in the 3-level ACDF group. ASD: adjacent segment disease. sidence were correlated with fusion level. Three level ACDF revealed worse surgical outcomes and higher complication. Otherwise, there was no statistically significant difference between 1-level and 2-level ACDF groups on any of the outcome measures, including the NDI, VAS pain scores, SF-36, and reoperations.
These findings are similar to those of a previous study that reported these outcome measures for 1-level and 2-level ACDF 11) . As in the current study, statistically significant improvements were noted throughout the follow-up in the 1-level and 2-level groups 11) . There was no statistically significant difference between 1-level and 2-level ACDF groups in any of the outcome measures, including the NDI, VAS pain score, SF-36, and occurrence of reoperations 11) . However, in multilevel discectomy, the success rate decreases as the number of levels increase. Some literature supports consistent rates of 10% to 12% non-fusion for 1-level anterior discectomy and bone fusion, 20% to 27% for 2-level, and approximately 30% to 56% for 3-level fusions 4) . One study reported that at the 2-year follow-up, fusion rates were 89.3% in the 1-level fusion group and 79.8% in the 2-level fusion group 5) . Another study reported that the risk of complications or the need for reoperation was also greater in patients who underwent more than 2-level ACDF 12) . In previous studies, fusion rates after 3-level ACDF were generally low 2, 11, 13) . As high rates of pseudarthrosis have been observed after 3-level ACDF, some authors have recommended corpectomy and strut grafting in multilevel cases 8) . This may be because of the increased number of graft-bone interfaces, as well as the altered biomechanics and increasing contact stress at graft-bone interfaces when the number of operative levels increases. Brodke and Zdeblick 2) reported a clinically significant pseudarthrosis rate of 17%. Wang et al. 14) found that 18% (7/40) of patients had pseudarthrosis after 3-level plated ACDF. Bolesta et al. 1) performed a prospective study of 15 patients who underwent three operative levels, and they reported the highest nonunion rate in 8 of 15 patients (53%). Emery et al. 7) reported the pseudarthrosis rate for non-plated 3-level discectomies as 44%. The fusion rate in our study was 84%, which is similar to the rate reported by Wang et al. 14) . Nevertheless, this fusion rate remains lower than the rate for 1-level or 2-level ACDF, which ranges from 96% to 100% 6, 9) . Some studies did not show a significant difference in the clinical outcome and union rate when comparing 3-level and 2-level with 1-level ACDF. Lin et al. 10) analyzed dynamic changes and clinical outcomes following ACDF from 1-level, 2-level, and 3-level cervical fusion with only cages, no plates. There was no significant difference with respect to the postoperative VAS score for neck pain and fusion rate in the three surgical groups. However, since the study only involved patients with cages, the results would not be consistent with our study. ASD is a well-known sequela of cervical fusion, and various etiologies have been reported, including natural disease progression vs. postoperative biomechanical alterations of the spine 3) . Additionally, there are conflicting data on whether the rate of ASD is higher in single vs. multilevel fusion. In a clinical study, Bydon et al. 3) demonstrated that the rates of ASD were not significantly different in patients undergoing 1-level, 2-level, or 3-level ACDF (p=0.910). Conversely, Prasarn et al. 12) found that the rate of ASD was significantly higher after 2-level fusion than after 1-level fusion. However, in the present study, the number of patients who developed symptomatic ASD was highest in the 3-level ACDF group (16%), but this was not significantly different compared with the other 2 groups (p=0.12). Furthermore, 4 patients in the 3-level ACDF group with radiographic ASD did not require reoperation.
This study has several limitations, including a short follow-up period of 1 year and a small number of patients. Specific complications, such as dysphagia, were assessed based on a surgeon's clinical assessment, not on other more objective measures, such as swallowing evaluations and/or direct laryngoscopy. Additionally, there is also a risk of information bias, as with all retrospective studies based on medical chart or operative note reviews. The global sagittal balance and other radiographic measures were unavailable for review in all patients, and this information may have contributed to understanding the overall outcomes. Prospective studies are most desired for this type of clinical study, and future research on the longterm outcomes of ACDF, such as the reoperation rates, patientreported outcomes, and complications, etc., are needed.
CONCLUSION
The surgical outcome of the 3-level ACDF group was worse than that of the 1-level and 2-level ACDF group, as indicated by the lower fusion rate, higher complication rate, and higher subsidence rate.
